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Introduction:  Since  the recent  descriptions  of  the anterolateral  ligament  (ALL), the  role  played  by  the
anterolateral  peripheral  structures  in  the  rotational  control  of the  knee  is again  being  debated.  The  objec-
tive of  this  study  was  to identify  the  structures  during  internal  tibial  rotation  and  then  to  deﬁne  their
anatomical  characteristics.  We  hypothesized  that  internal  rotation  would  tighten  several  anatomical
formations,  both  superﬁcial  and deep,  with  the  ALL  one  part  of  these  structures.
Material  and  methods:  Nine  fresh-frozen  cadaver  knee  specimens  were  studied.  The anterolateral  struc-
tures tightened  were  identiﬁed  from  superﬁcial  to deep  at 30◦ of ﬂexion.  Each  was  selectively  dissected,
identifying  its insertions  and orientations,  and measuring  its  size.  The  length  variations  of the  ALL during
internal  tibial  rotation  were  measured  by applying  a  30-N  force using  a  dynamometric  torque  wrench  at
the tibioﬁbular  mortise.
Results:  The  superﬁcial  structures  tightened  were  the  iliotibial  tract and  the Kaplan  ﬁbers.  In  internal
tibial  rotation,  the  Kaplan  ﬁbers  held  the  iliotibial  tract  against  the  lateral  epicondyle,  allowing  it to  play
the  role  of  a  stabilizing  ligament.  The  Kaplan  ﬁbers  were  73.11  ±  19.09  mm  long  (range,  63–82 mm)  and  at
their femoral  insertion  they  were  12.1 ±  1.61  mm  wide  (range,  10–15  mm).  The  deep  structures  tightened
covered  a  triangular  area  including  the  ALL  and the  anterolateral  capsule.  The  ALL  was  39.11 ± 3.4  mm
long  (range,  35–46  mm)  in neutral  rotation  and  49.88  ±  5.3  mm  long  (range,  42–58 mm)  in internal  rota-
tion  (p  <  0.005).  Its femoral  insertion  area  was  narrow  at 5.27  ±  1.06 mm  (range,  3.5–7 mm)  and  was
mainly  proximal  and  posterior  at the  lateral  epicondyle.  Its  tibial  insertion  zone  was  wide,  with  a clearly
differentiated  anterior  limit  but a posterior  limit  confused  with  the  joint  capsule.  In the  vertical  plane,
this  insertion  was  located  6.44  ± 2.37  mm  (range,  2–9) below  the  joint  space.
Discussion: This  study  demonstrates  two  distinct  anterolateral  tissue  planes  tightened  during  internal
rotation  of  the  tibia: a  superﬁcial  plane  represented  by the  iliotibial  tract  and  the  Kaplan  ﬁbers,  which
acts  as  a ligament  structure,  and  a deep  plane  represented  by a  triangular  capsular  ligament  complex
within  which  the  ALL  and the  anterolateral  capsule  are  recruited.
Level  of evidence:  Descriptive  cadaver  study  IV.
©  2015  Elsevier  Masson  SAS.  All  rights  reserved.. Introduction
Rotational control of the knee is one of the main objectives of
nterior cruciate ligament reconstruction. The insufﬁcient control
n this area [1–6] has renewed interest in the anterolateral liga-
ent of the knee. Reference to the work of Segond [7] was the
tarting point for the research conducted by Claes et al. [8] and
∗ Corresponding author.
E-mail address: lutzortho@wanadoo.fr (C. Lutz).
http://dx.doi.org/10.1016/j.otsr.2015.04.007
877-0568/© 2015 Elsevier Masson SAS. All rights reserved.their description of the anterolateral ligament (ALL). The appeal for
this ligament has been conﬁrmed by several articles on its anatomy
[9–11], its arthroscopic description [12], and its identiﬁcation in
ultrasound [13] and MRI  [14–17]. Nonetheless, its precise anatomy
and its possible involvement in rotational control and stability con-
tinue to be debated.
The objective of this study was to identify the anterolateral
tissue structures tightened by internal tibial rotation and then
to deﬁne their anatomical characteristics. We  hypothesized that
internal tibial rotation would tighten several anatomical forma-
tions, both superﬁcial and deep, suggesting that understanding
5 logy: Surgery & Research 101 (2015) 523–528
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he peripheral control and rotational stability should include the
nalysis of all of these structures, with the ALL only one of them.
. Material and methods
Ten fresh-frozen knee specimens on whole-body cadavers were
sed for this work: three knees from the Strasbourg Anatomy Labo-
atory and seven from the Tours Anatomy Laboratory. All the knees
ere dissected by the same operator. The bodies were placed at
oom temperature for 24 h before beginning the dissections. One
nee presented degenerative lesions and was excluded. The nine
emaining knees, from ﬁve females and four males, with a mean
ge of 77.7 years (range, 63–86 years) presented no signs of major
steoarthritis or cutaneous scars. The range of motion in extension,
exion, and internal rotation were within physiological norms.
The condition of the cruciate ligaments was checked by manual
esting and direct visualization via anteromedial arthrotomy.
For the dissection, the limbs were installed at 90◦ knee and hip
exion, maintained by lateral augments and distal support. The
nsertion points of the anatomical structures were identiﬁed using
olored needles.
For the measurements, the knees were maintained at
0◦ ﬂexion, the position veriﬁed with a goniometer with the center
laced at the lateral epicondyle. This value was obtained to observe
he behavior of the anterolateral structures in the pivot shift clini-
al position and to compare these results with other similar studies
15–17].
Dissection ablated a rectangular ﬂap of skin and subcutaneous
dipose tissue to expose the extensor apparatus, the lateral patellar
etinaculum, the iliotibial tract, the distal part of the femoral biceps,
nd the head of the ﬁbula (Fig. 1).
Application of 30 N of force in internal tibial rotation using the
ynamometric torque wrench placed at the tibioﬁbular mortise
ade it possible to observe the behavior of the iliotibial tract during
his movement.
This was then resected transversally 10 cm proximally from
he lateral epicondyle and then pulled back distally, exposing the
aplan ﬁbers for study of their behavior during internal rotation of
he knee, measurement of their length between the distal inser-
ion on the subcondylar tubercle and proximally at the femoral
etaphyseal-diaphyseal junction and their width. These ﬁbers
ere then cut and the iliotibial tract folded back to expose the
nterolateral capsule.
Internally rotating the knee then allowed tightening the ALL as
ell as the capsule located between this ligament and the lateral
ollateral ligament (LCL).
The ALL insertion points were detailed at the femur by the dis-
ance at the center of the lateral epicondyle and at the tibia by the
Fig. 1. Exposure of the knee’s anterolateral side.Fig. 2. Femoral insertion of Kaplan ﬁbers.
distance to the most protuberant part of the subcondylar tubercle
and at the summit of the ﬁbular head.
The variations in ALL length were measured using a caliper in
millimeters, with the knee ﬂexed at 30◦, based on a position in neu-
tral rotation identiﬁed by the femur-tibia-foot alignment in dorsal
ﬂexion, to a position of internal tibial rotation by applying a 30-N
force using the above-described method.
Statistical analysis: the data were described for each series of
values with their mean (± standard deviation) and the range for
each series.
ALL lengths were compared using the Student t-test for matched
series. The correlations were calculated with the Pearson coefﬁcient
and are presented with their values and 95% conﬁdence intervals.
A P-value less than 5% was considered signiﬁcant.
3. Results
3.1. Iliotibial band and Kaplan ﬁbers
Internal rotation of the knee originated the tension of the ili-
otibial tract, predominant on the posterior ﬁbers (Table 1).
Once it had been transversally resected proximally, the internal
rotating of the knee still showed substantial tension of this fascia in
its posterior portion, whereas this resected structure should have
released. In the anterior view, this tension was made possible by
the action of the Kaplan ﬁbers, which, by holding the iliotibial tract
against the lateral epicondyle, allowed its distal portion to act as
a ligament and tighten in internal rotation. As soon as the Kaplan
ﬁbers were resected at their proximal insertion, the remaining ili-
otibial tract relaxed, releasing its control over the internal rotation.
The distal insertion of the Kaplan ﬁbers was  shared by the
superﬁcial part of the iliotibial tract on the subcondylar tuber-
cle. Their ascending trajectory was characterized by a twisting of
its ﬁbers going from a sagittal plane distally to a frontal plane
proximally. Their proximal insertion is located at the diaphyseal-
metaphyseal junction of the femur opposite the linea aspera. Their
length was  73.11 ± 19.09 mm (range, 63–82 mm)  and their length
at the femoral insertion was  12.1 ± 1.61 mm (range, 10–15 cm)
(Fig. 2).
3.2. “Triangular capsular ligament complex” and anterolateral
ligament
After having folded back the iliotibial tract, the anterolateral
capsule was  exposed. The ALL was  the anterior part of a “triangular
anterolateral capsular complex.” The posterior, vertical, part of this
complex was  made up of capsular ﬁbers that inserted onto the LCL,
and the base, distal, comprised the insertion of the capsule on the
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Table 1
General characteristics and measurements of the anterolateral tissue structures of nine cadaver knees: measurements taken on the knee at 30◦ of ﬂexion.
Knee/side General characteristics Kaplan ﬁbers
Sex Age Osteoarthritis Femur size Tibia size Anteroposterior diameter Epicondylar diameter Minimum Kaplan/GT distance Width
1D F 83 Non 403 338 42 89.1 63 13
2D  M 78 Non 443 386 49 87 71 11
3D  M 86 Non 428 358 56 86 82 11
4D  F 83 Non 401 315 44 77 81 12
5D  F 63 Non 421 334 52 80 70 14
6D  F 76 Non 409 337 49 83 70 11
7D  M 76 Non 430 331 55 82 72 12
8D  F 81 Non 362 275 39 84 69 10
9D  M 74 Non 422 355 51 83 80 15
Knee/side ALL Triangular complex
Length in
internal rotation
Length in
medial rotation
Length:
proximal–distal
GT-ALL
distance
Tibial ALL-joint space
insertion distance
Distance
FT-milieu ALL
Distance ECL-ALL (ant = −/
post = + and prox = −/distal = +)
Vertical
edge (LCL)
Anterior
edge (ALL)
Base Surface
(mm2)
1D 38 51 3.5–16 19 8 16 −3 −7 41 51 24 484.43
2D  46 55 5–16 25 9 23 5 −20 48 55 31 671.93
3D  40 58 6–20 20 7 22 4 −6 42 58 32 656.39
4D  37 45 7–16 25 7 14 0 −11 36 45 22 391.23
5D  35 42 5–15 23 6 10 0 3 40 42 22 432.67
6D  40 51 5–11 21 2 18 0 −11 43 51 23 491.35
7D  41 50 5–18 23 6 13 0 −6 45 50 22 494.99
8D  35 44 4–14 18 4 12 2 2 42 44 19 396.19
9D  40 53 7–15 25 9 16 1 −8 50 53 23 572.36
ALL: anterolateral ligament; GT: Gerdy tubercle; LCL: lateral collateral ligament.
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lig. 3. Anterolateral “triangular capsular ligament complex” (1: anterior edge of
he anterolateral ligament (ALL); 2: lateral epicondyle; 3: ﬁbula head; 4: lateral
ollateral ligament).
ibia (Fig. 3). In this triangle, in internal rotation, the ﬁbers were
blique and layered from top to bottom from the insertion on the
CL toward the ALL (Fig. 3). This triangle measured 43 ± 4.43 mm
range, 36–50 mm)  for the posterior edge, 24.22 ± 5.65 mm (range,
9–32 mm)  for the base, and 49.88 ± 4.65 mm (range, 42–58 mm)
or the anterior edge.
The ALL was identiﬁed more clearly when the knee was placed in
nternal rotation; in neutral rotation, its relief disappeared within
he capsular thickness.
The dissection of its femoral insertion was difﬁcult because of
he convergence of its ﬁbers with those of the LCL on the lateral epi-
ondyle. This femoral insertion was deﬁned in relation to the center
f the lateral epicondyle: on two specimens it was located distally (2
nd 3 mm)  and on seven specimens proximally at 9.85 mm (range,
–20 mm).  In the anteroposterior plane, this insertion was  anterior
3 mm)  on one specimen, posterior (1, 2, 4, and 5 mm)  on four, and at
he center of the epicondyle on four (Fig. 4). The tibial insertion was
ore widespread, located 6.44 ± 2.37 mm (range, 2–9 mm)  below
ig. 4. Femoral insertion areas of the anterolateral ligament (ALL) as related to the
ateral epicondyle.Fig. 5. Tibial insertion of the ALL (GT: Gerdy tubercule; FH: ﬁbula head; ALL: antero-
lateral ligament; LCL: lateral collateral ligament).
the joint space; the center of this insertion was  22.11 ± 2.71 mm
(range, 18–25 mm)  posterior of the center of the subcondylar tuber-
cle and 16 ± 4.38 mm (range, 10–23 mm)  anterior of the top of the
ﬁbular head (Fig. 5).
Its length was a mean 39.11 ± 3.4 mm (range, 35–46) in neu-
tral rotation and 49.88 ± 5.3 mm (range, 42–58) in internal rotation
(P < 0.005).
There was a correlation between the ALL in internal rotation, the
size of the femur (P = 0.02), and the size of the tibia (P = 0.008), but
no correlation was  found between the anteroposterior (P = 0.26) or
epicondylar diameters (P = 0.25).
4. Discussion
This study describes two  distinct anterolateral tissue layers that
are tightened when going from neutral rotation of the tibia to inter-
nal rotation:
• a superﬁcial plane represented by the iliotibial tract and its deep
Kaplan ﬁbers;
• a deep plane represented by a “triangular capsular complex” inte-
grating the ALL.
The Kaplan ﬁbers held against the iliotibial tract on the lateral
epicondyle in internal rotation of the tibia provided an anchorage
point at this level and allowed it to be tightened. Its bone inser-
tions therefore give it a ligament-type passive stabilizing role, a
role also suggested by the orientation in the sagittal plane of the
distal part of its ﬁbers. In his article studying the entire iliotibial
tract, Kaplan [18] observed that this remained tensed in the cadaver
even though there was  no muscle contraction. He deduced that the
iliotibial tract, in its distal section, was  not a fascial tendon of the
tensor fascia latae or the gluteus maximus but acted as a ligament.
Its passive stabilizing action was made possible by its femoral and
tibial bone insertions. This important point in the iliotibial tract
dynamics was  conﬁrmed by Terry et al. [19] and Viera et al. [20].
For these authors, the deep and capsular and bone ﬁbers acted as
an anterolateral ligament of the knee, ensuring rotational stability
in synergy with the anterior cruciate ligament. These anatomical
observations suggest an anterolateral locking of internal tibial rota-
tion by the iliotibial tract, in particular the Kaplan ﬁbers, which was
recently conﬁrmed by the study reported by Parsons et al. [21].
logy: Surgery & Research 101 (2015) 523–528 527
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An application in clinical practice of these ﬁndings would be to
eep the Kaplan ﬁbers intact during iliotibial tract harvesting in
iew of ACL reconstruction or lateral tenodeses.
For the deep plane, there has been a relative lack of clarity in
osology terms since the description in 1897 by Segond [7]: “a
esistent, pearly, ﬁbrous band, which, in an exaggeration of the
nward rotational movement, is always subjected to an extreme
egree of tension.” Several terms have indeed been used to describe
his region without deﬁning the content precisely. In 1982 Muller
22] used the term “lateral femorotibial ligament.” Terry et al. [19]
nd Viera et al. [20] described the existence of capsular-bony ﬁbers
f the iliotibial tract that they considered to be an anterolateral
igament, thus generating confusion with the current description.
or Johnson [23] this was a “lateral capsular ligament,” for Campos
t al. [24] an “anterior oblique band,” and for Hughston et al. [25],
aPrade and Terry [26], Haims et al. [27], and Goldman et al. [28]
he “mid-third lateral capsular ligament.”
Recent studies [8–10,29] as well as the present study have
etailed the descriptive anatomy of the anterolateral ligament. Our
easurements of the ALL are in line with those found in the lit-
rature (Table 2). The variations in length between the different
uthors can be explained by the problems identifying the femoral
nsertion of this ligament and by the knee position, in ﬂexion and
otation, which varied from one study to another.
One of the main conﬂicting points concerns the femoral inser-
ion. In the study reported herein, it was for the most part proximal
o the lateral epicondyle. This contradicts the studies conducted by
incent et al. [11], Claes et al. [8], and Helito et al. [29], even if these
uthors agreed on the problems inherent to individualizing this
nsertion because of the many connections with the femoral inser-
ion of the LCL and the ﬁbers coming from the fascia of the lateral
astus muscle. The differences in the femoral insertion in our study
re an additional argument for this difﬁculty. For Dodds et al. [10]
he ALL originates proximally to the lateral epicondyle on 33 knees
here it could be individualized. Caterine et al. [9] explained these
isparities in the insertion by the existence of anatomical varia-
ions and proposed a three-stage classiﬁcation according to the
ifferences in femoral and tibial insertions.
We observed a signiﬁcant variation in ALL length in inter-
al rotation at 30◦ ﬂexion measuring more than a mean 10 mm,
ndings similar to those reported by Dodds et al. [10] (mean length-
ning, 9.9 mm).  This variation in length corresponds to the ALL
ightening observed and suggests its involvement in the control
f internal tibial rotation. The meaning of this lengthening should
onetheless be weighed against the disparity of the femoral inser-
ion of this ligament and its thinness.
Integrating the ALL within the “triangular capsular ligament
omplex” revives the notion of “mid-third lateral capsular liga-
ent” suggested by Hughston et al. [30] and its involvement in
he rotational control of the knee. We  have observed that dur-
ng internal rotation of the knee, not only the ALL was tensed,
ut all the capsular ﬁbers were tensed between the LCL and the
LL. We were therefore able to compare this triangular complex
ith a boat’s sail (Fig. 6), with the mast representing the LCL, a
able 2
LL measurements and insertions in recent studies.
Vincent (2012) Claes (2013) 
Length (mm)  34.1 ± 3.4 38.5 ± 6.1 
Proximal width (mm) 8.3 ± 2.1 
Distal length (mm)  11.2 ± 2.5 
Tibial  plateau distance (mm)  5 6.5 ± 1.4 
Gerdy tubercle distance 21.6 ± 4 
Fibula  head distance 23.2 ± 5.7 
Insertion/lateral epicondyle Distal Distal Fig. 6. Lateral view of the knee–comparaison of deep anterolateral stabilizers with
a  boat sail.
powerful isometric ligament in ﬂexion-extension, the boom would
be the tibial meniscocapsular insertion, and the trailing edge the
anterior capsular pillar represented by the ALL. The anchoring of
this complex on the LCL and the horizontal orientation of the
capsule ﬁbers could explain their successive recruitment during
internal rotation depending on the degree of knee ﬂexion. When
the rotational movement continues, the ALL breaks or is torn at
its tibial insertion, thus producing a Segond fracture: this relation
between the ALL and the Segond fracture has been demonstrated
by several authors [8,16,28,31–33].
The existence of an anatomical region including the LCL and the
ALL was  also proposed by Claes et al. [14] using the term “lateral col-
lateral ligament complex (LCLC).” Finally, Helito et al. [29] deﬁned
a triangle drawn by the ALL in front and the tendon of the popliteal
muscle (PMT) behind, with the top on the lateral epicondyle in com-
mon: with the PMT  involved in posterolateral rotational control,
they deduced that the ALL should be involved in the anterolateral
control of rotation for reasons of symmetry.
According to this reasoning, the superﬁcial and deep tissue
planes described in the present study could be a point of the antero-
lateral corner involved in the control of anterolateral laxity, just as
the point of the posterolateral corner is for posterolateral laxity.
There are several limitations to this study:
• the small number of cadaver specimens dissected and the age of
the donors greater than that of the subjects who usually experi-
ence ACL rupture;
• the need to resect the iliotibial tract to expose the ALL, which
could falsify the tension measurements of this ligament’s ﬁbers;
Dodds (2014) Caterine (2014) Lutz
59 ± 4 40.3 ± 6.2 39.1 ± 3.4
4,8 ± 1.4 5.3 ± 1
11.7 ± 3.2 15,6 ± 2.6
11 ± 2 11.1 ± 2.4 6.4 ± 2.4
18 ± 3 23.4 ± 3.4 22.1 ± 2.6
17 ± 3 23.9 ± 5.5 16 ± 4.7
Proximal 11 distal cases
8 proximal cases
2 distal cases
7 proximal cases
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the measurements taken at only a single angulation (30◦) and
a single rotational force (30 N), with notably the absence of any
kinematic analysis of the ALL, from external rotation to internal
rotation;
the cruciate ligament was intact in this study, whereas the ACL is
ruptured in clinical situations calling on rotational control of the
knee;
the absence of objective functional analysis of the role played by
each of the structures described, but this will be the subject of a
complementary study.
. Conclusion
This study describes the tightening of two distinct anterolateral
issue planes during internal rotation of the tibia: a superﬁcial plane
epresented by the iliotibial tract and the Kaplan ﬁbers, which act
s a ligament structure by holding it to the lateral epicondyle, and a
eep plane represented by a triangular capsular ligament complex
ithin which can be found anterolateral ligament and anterolateral
apsule recruitment.
A navigated functional anatomical study will complete this
escriptive study to deﬁne the quantitative and respective role of
ach of these structures.
A better analysis of the anatomical structures involved in the
nee’s rotational control is an indispensable foundation for the
evelopment of surgical technical strategies aiming to improve this
ontrol.
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